Recent theory predicts that the magnitude of sexual antagonism should depend on how well populations are adapted to their environment. We tested this idea experimentally by comparing intersexual genetic correlations for adult survival in pedigreed populations of southern field crickets (Gryllus bimaculatus) raised on naturally balanced (free-choice) vs. imbalanced (protein-deprived) diets. We tested for (1) sex differences in nutritional intake and preference, (2) sex-specific effects of protein deprivation on survival and (3) diet dependence of the level of sexual antagonism. Adult males and females consumed a similar amount of protein, but protein deprivation decreased male survival but not female survival. Protein deprivation appeared to decrease the degree of sexual antagonism as intersexual genetic correlations were significantly lower than 1 only for the complementary free-choice diet group but close to 1 for the protein-deficient diet group. Our findings thereby implied that variation in nutritional environments can alter the magnitude of sexual antagonism. This research represents an important step towards understanding the relationship between sexual antagonism and adaptation in heterogeneous environments.
Introduction
Animals regularly experience a shortage of food, referred to as nutritional stress. To date, much attention has focussed on the short-and long-term effects of caloric restriction on traits and fitness (Mair & Dillin, 2008; Fontana et al., 2010; Nakagawa et al., 2012; Adler & Bonduriansky, 2014) . The imbalanced intake of nutrients, associated with poor-quality diets, can also affect the expression of physiology and behaviour, hence affecting fitness components such as reproductive performance and survival (Hunt et al., 2004; Raubenheimer et al., 2005; Lee et al., 2008 Lee et al., , 2012 Maklakov et al., 2008; South et al., 2011; Jensen et al., 2012; Harrison et al., 2014; Roeder & Behmer, 2014) . Specifically, when animals are faced with environments offering nutritionally imbalanced diets, they may suffer a deficit of certain nutrients as a consequence, with carry-over effects that include a reduction of adult size, reproductive performance or survival. Animals also overconsume certain nutrients as a strategy to acquire sufficient amounts of limiting nutrients when faced with nutritionally imbalanced diets, which also carries costs. For example, strategic overconsumption of carbohydrates to acquire enough protein may increase the probability to attract diseases (e.g. obesity) and thus affect fitness (WarbrickSmith et al., 2006; Maklakov et al., 2008) .
Given that protein is generally limited in the wild Rothman et al., 2011) , the lack of dietary protein is expected to significantly affect survival and thereby represent a nutritional stressor. Although previous empirical studies have implied that low-protein-high-carbohydrate diets increase survival in both males and females (reviewed in Le Couteur et al., 2016) , extremely protein-deficient diets (e.g. with <5% of protein), or diets without any protein, do significantly reduce lifespan (Lee et al., 2008; Piper et al., 2014) . The negative effect of a protein-deficient diet on lifespan is expected because protein represents a source of amino acids that are essential for body maintenance. Furthermore, nutritional stress caused by a protein-deficient diet may differentially affect male vs. female survival, particularly in species where body size differs between males and females. This is because larger individuals tend to be more tolerant to environmental stressors (Chippindale et al., 1996; Harshman et al., 1999; Hercus & Hoffmann, 1999; Gibbs & Matzkin, 2001; Telonis-Scott et al., 2006) ; individuals of the smaller sex (e.g. male field crickets) may therefore particularly suffer from protein deficiency. Sex differences in response to protein deprivation might also be due to sex-specific nutritional preferences (Lee et al., 2013; Harrison et al., 2014; Han & Dingemanse, 2017) . We thus expect that diets lacking protein as a source of essential amino acids have negative effects on survival rate that are sex-specific.
The effect of protein deprivation on survival is inherently expected to affect the intensity of sexual antagonism, which exists when alleles increasing fitness in one sex decrease fitness in the other (also called intralocus sexual conflict; Bonduriansky & Chenoweth, 2009 ). The intersexual genetic correlation for fitness (r MFw ) provides a standardized quantitative genetics parameter of how standing variation for fitness is influenced by pleiotropic alleles with sexually antagonistic effects (Bonduriansky & Chenoweth, 2009) . Because males and females share most of their genome, and many mutations pleiotropically affect both sexes (Lande, 1980) , intersexual genetic correlations for phenotypic traits expressed in both sexes are usually close to the value 1 (Poissant et al., 2010) . However, owing to the occurrence of sexual dimorphism, males and females often differ dramatically in the way by which they maximize fitness (Arnqvist & Rowe, 2005) , which causes negative values for the intersexual genetic correlation for fitness. That is, sexual antagonism may be weak when the intersexual genetic correlation for fitness is tight and positive, but sexual antagonism may be strong when intersexual genetic correlation for fitness is instead negative (Bonduriansky & Chenoweth, 2009) . Importantly, the intersexual genetic correlation for fitness is also predicted to vary across populations and environmental conditions (Poissant et al., 2010) . In novel and unfavourable environments, most variation in fitness is predicted to be maintained by maladaptive and deleterious alleles rather than by sexually antagonistic alleles (Connallon et al., 2010) . This is because in such conditions, the population is located far away from both the male and the female optimum. Housekeeping genes, or genes related to resource acquisition, then tend to affect both sexes in a similar manner, and mutations are likely to have concordant effects on both male and female fitness (Connallon & Clark, 2011; Mallet et al., 2011; Sharp & Agrawal, 2013) . Novel and stressful environments should thus generate a positive intersexual genetic correlation for fitness close to the value 1 (i.e. indicative of a low intensity of sexual antagonism). In contrast, in favourable environments, mutations affecting both males and females are more likely to be sexually antagonistic because selection eliminates mutations with concordant effects in the sexes (Whitlock & Agrawal, 2009; Connallon et al., 2010; Arnqvist, 2011; Connallon & Hall, 2016) . This thus gives rise to a negative intersexual genetic correlation for fitness (Connallon & Clark, 2014 ) (i.e. a high intensity of sexual antagonism). That is, the intensity of sexual antagonism is predicted to depend on how well the population is adapted to its environment (Connallon & Clark, 2014; Connallon & Hall, 2016) . Therefore, compared with dietary environments where individuals meet their nutritional needs, environments harbouring protein-deficient suboptimal diets may decrease the intensity of sexual antagonism (i.e. increase the intersexual genetic correlation for fitness). In this study, we put this idea to the test.
We reared males and females of the southern field cricket (Gryllus bimaculatus) on two different diet treatments, consisting of a protein-deficient diet vs. a complementary free-choice diet, and tested the effect of protein deprivation on adult survival and the intersexual genetic correlation for this life-history trait. Carbohydrate : protein ratios in diets are known to affect the development of morphology and reproductive behaviour in crickets (Hunt et al., 2004; Maklakov et al., 2008 Maklakov et al., , 2009 Zajitschek et al., 2009 Zajitschek et al., , 2012 Kasumovic et al., 2013; Harrison et al., 2014) . Protein deficiency is viewed as an important nutritional stressor because protein represents a limited resource in the wild Rothman et al., 2011) . Our study thus consisted of three parts. We assessed (1) the nutritional intake and preference of adult males and females, (2) the effect of protein deprivation on survival rate and (3) the effect of protein deprivation on the level of sexual antagonism. We predicted that males and females would differ in their preference for macronutrients (i.e. their relative consumption of carbohydrate and protein) and their respective survival rates when forced on a protein-deficient diet. Assuming that the effect of protein deficiency on survival implied nutritional stress, we also predicted that the intersexual genetic correlation for survival should be more positive in protein-deficient compared to complementary freechoice dietary environments.
Materials and methods

General laboratory procedures
Around 300 adult southern field crickets of equal sex ratio were collected from a large wild population in Tuscany (Capalbio, Italy, 42°42 0 46.7 0 N 11°33 0 99.3 0 E) in July 2014. Wild-caught individuals were transported to a climate room at the Ludwig Maximilians University of Munich, where they (and their descendants, described below) were housed at 26°C with 40% relative humidity under a 14L:10D photoperiod. Here, we formed 150 breeding pairs consisting of one male and one female placed together in a (23 9 15 9 17 (L 9 W 9 H) cm 3 ) transparent plastic container furbished with pieces of egg carton for shelter, a plastic water bottle plugged with cotton wool, and a dry bird food (Aleckwa Delikat, Germany). Containers were cleaned and food and water refreshed, every 3 days. Five days later, we placed a plastic cup with moist soil in each container to facilitate oviposition after we had permanently removed the male. Three days later, we isolated the plastic cups and checked them daily for hatchlings. Once nymphs had emerged, 20 nymphs from each brood were placed in a container (23 9 15 9 17 cm 3 ) with ad libitum access to a dry bird food (Aleckwa Delikat, Germany) and water. Four weeks post-hatching, we sorted male from female nymphs and replaced them into two plastic containers (23 9 15 9 17 cm 3 ) per full-sib family, one for each sex. When all offspring had eclosed into adults, we selected a random subset as breeders, applying a breeding design detailed below. Those offspring (rather than their wildcaught parents) were used as the parental generation in our experiments for the following reason: some of the wild-caught females had likely mated prior to collection; we were therefore unable to unambiguously assign the genetic father to any offspring produced by those matings. The purpose of the initial breeding of wild-caught crickets was therefore to simply produce a parental generation whose offspring could be unambiguously assigned a genetic father and mother. By not using offspring of wild-caught adults in behavioural assays, we thereby avoided biasing effects associated with maternal environmental effects in the wild (Wolf & Wade, 2009; Matos, 2012) . Reassuringly, environmental maternal effects were not detected when modelled in our data (results not shown). Eclosed adults not taken forward for breeding were used in an experiment to test for sex differences in nutritional preference (detailed below).
Diet preparation
We created artificial diets according to an established protocol detailed elsewhere (Simpson & Abisgold, 1985) . Diets consisted of 40% cellulose and 60% nutrients, the latter consisting primarily of two macronutrients: carbohydrate and protein. We created several imbalanced diets which differed in a ratio of dietary carbohydrate to protein according to the treatment. Proteins consisted of a 3 : 1 : 1 mixture of casein, albumen and peptone, and carbohydrate was made of a 1 : 1 mixture of sucrose and dextrin. All artificial diets contained Wesson's salts (2.5%), ascorbic acid (0.275%), cholesterol (0.55%) and a vitamin mix (0.18%), which should provide all essential nutrients.
Experiment 1: Nutritional preference of males and females
To measure the preferred carbohydrate and protein intake of males and females, a random sample of 30 freshly eclosed adult crickets (15 males and 15 females) were collected from multiple broods above and randomly allocated to one of three choice treatments that provided two nutritionally imbalanced foods (provided ad libitum) in two separate dishes that were provided simultaneously (one carbohydrate-high dish paired with one protein-high dish). The carbohydrate-high dish contained a 29 : 1 carbohydrate : protein ratio in all three treatment groups. In contrast, the treatment groups differed in the carbohydrate : protein ratio provided in the protein-high dish, which was 1 : 29 (treatment 1), 1 : 3 (treatment 2) or 1 : 2 (treatment 3). These three diet treatments were created to test whether food type affected nutritional preference (called 'intake target'; Chambers et al., 1995; Trumper & Simpson, 1993) . That is, we expected no treatment effect if their nutritional preference was not affected by the different combinations of complementary imbalanced foods provided to crickets. We used virgin offspring from the wild-caught parents for this experiment only.
Each cricket was placed alone in a transparent plastic container (23 9 15 9 17 cm 3 ) with pieces of egg carton for shelter, a plastic water bottle plugged with cotton wool and two imbalanced diets in two separate food dishes simultaneously. This procedure ensured that each individual was given a choice between two nutritionally complementary imbalanced diets. As food dish, a petri dish (diameter 50 mm) with another small petri dish (diameter 25 mm) glued inside its centre was used to keep any unconsumed dry food inside of the dish. After a week of the acclimation, dry mass of food consumed (mass change in the food) was recorded every 4 days over a 16-day period. The rate of evaporation or moisture absorption for each diet was measured using 30 food dishes per diet that contained water bottles but no crickets, placed randomly within the climate room. We calculated each individual's cumulative total consumption of carbohydrate and protein over the 16-day period and corrected its consumption values based on mean evaporation and moisture absorption rates.
Experiment 2: Breeding design and diet effects on survival
Using the virgin offspring from the wild-caught parents, we implemented a nested half-sib/full-sib breeding design (Falconer & Mackay, 1996) where each of 45 parental males (sires) mated with two unrelated virgin females (dams) with the aim of producing a total of 90 full-sib families. Because some matings did not produce offspring, the design yielded a total of 76 full-sib families nested within 38 paternal half-sib families, and a further three full-sib families that did not have an associated half-sib family. Full-sib families were housed separately in plastic containers (20 9 30 9 20 cm 3 ) containing groups of 80 nymphs (divided over four containers per each of the 76 full-sib families) and kept ad libitum on dry bird food and water as described above. The design produced 1586 offspring that eclosed into adults (837 males and 749 females). These offspring were subsequently randomly assigned to a 'protein-deficient' (426 males and 383 females) or 'complementary free-choice' (411 males and 366 females) diet for their entire adult life. The protein-deficient treatment group was provided solely with a carbohydrate-high diet (98% C, 2% P,~500 mg), whereas the complementary treatment group was provided with both a carbohydrate-high (98% C, 2% P,~400 mg) and a protein-high diet (2% C, 98% P,~100 mg) (offered in two separate dishes, presented simultaneously). The amount of food provided was three to four times more than the maximum amount consumed within a 3-day period, which ensured that nutrients were provided ad libitum.
Adults were placed alone in plastic home containers (10 9 10 9 9 cm 3 ) with a piece of egg carton for shelter, a plastic water bottle plugged with cotton wool, and (two) dishes containing the synthetic foods. The container was cleaned and food and water refreshed, every 3 days. At the same time, survivorship was also noted until 6 weeks after the individual had eclosed into an adult. For reasons not related to the experiment, we were not able to measure survival >6 weeks; hence, we treated adult survival as a binary variable defined as the binary probability to survive until 6 weeks of adult age.
Statistical methods
Experiment 1
To test for sex differences in diet preference, we used univariate general linear models, where either (1) total carbohydrate intake over a 16-day period, (2) total protein intake over a 16-day period, (3) total nutrient intake (total consumption of carbohydrate and protein) over a 16-day period or (4) nutritional preference (intake target) was fitted as the response variable, and where sex (male vs. female), diet treatment and their interaction were fitted as fixedeffect factors. Nutritional preference was defined as the arctangent-transformed C : P ratio (Raubenheimer & Simpson, 2003; Lee et al., 2013; Han et al., 2016) .
Experiment 2 To test how protein deprivation affected survival, and whether the effect differed between males and females, we fitted a univariate animal model (Kruuk, 2004; Wilson et al., 2010) , where survival was fitted as the binary response variable and sex, diet treatment and their interaction as fixed-effect factors. We fitted the identity of the developmental container as a random effect; utilizing the information embedded in the relatedness matrix (Lynch & Walsh, 1998; Kruuk, 2004; Wilson et al., 2010) , we thus partitioned the phenotypic variance into container identity, additive genetic and residual variance components. The residual variance was constrained to the value 1 to acknowledge the binomial distribution of the data. To calculate the intersexual genetic correlation (r MFw ), we performed two bivariate versions of the animal model (detailed above), one for each treatment group, with male survival and female survival fitted as the two binary response variables.
Animal models were fitted using Monte Carlo Markov chains in the MCMCglmm package in R 3.0.2 (Hadfield, 2010) . The burn-in period, thinning interval and number of iterations were set to produce 1000 estimates (for further details, see Table S1 ), which were used to subsequently calculate the posterior mode and 95% HPD (highest posterior density) and 84% HPD intervals for each parameter. 95% confidence intervals are appropriate for detecting significant differences from a fixed value, but are overconservative when both estimates include error (Austin & Hux, 2002; Julious, 2004) . We thus additionally include 84% confidence intervals to compare r MFw s (Julious, 2004) . We also ran our models for a range of prior settings, leading us to conclude that our estimate of the genetic correlation between male and female survival was not influenced by the choice of prior (Table S1 ). The results that we present are derived from models using an inverse Wishart prior because the autocorrelation was the lowest when using this prior. Differences in genetic correlations between treatments were evaluated by examining the overlap of the HPD intervals between treatments.
Results
Experiment 1: Nutritional preference of males and females
There was no sex difference in protein intake (male: 48.0 AE 6.8 (mean AE SE, mg); female: 69.3 AE 13.1 (mean AE SE, mg); F 1,26 = 2.0, P = 0.16; Fig. 1b) . However, adult males consumed 1.9 times more carbohydrates compared to adult females over the entire 16-day period (male: 339.7 AE 35.6 (mean AE SE, mg); female: 178.9 AE 30.5 (mean AE SE, mg); F 1,26 = 12.9, P = 0.001; Fig. 1a) . As a consequence, the total amount of intake (i.e. the sum total carbohydrate plus protein intake) was higher for males compared to females (male: 387.7 AE 39.9 (mean AE SE, mg); female: 248.2 AE 41.1 (mean AE SE, mg); F 1,26 = 6.4, P = 0.01; Fig. 1c) . As expected based on these findings, males preferred a significantly higher ratio of C : P than females (arctangenttransformed C : P ratio; F 1,26 = 37.3, P < 0.001; Fig. 1d ). Neither diet treatment nor its interaction with sex affected nutrient intake and preference (Table S2 ). This indicated that crickets did not alter their nutritional preference and the amount of nutrients consumed even when they were provided with different combinations of complementary imbalanced foods.
Experiment 2: Breeding design and diet effects on survival
As expected, diet treatment affected adult survival, and the effect differed between the sexes (interaction diet 9 sex; Table 1, Fig. 2 ). This interaction effect emerged because in males survival decreased significantly for individuals forced on a protein-deficient diet, whereas this was not the case for females (Fig. 2) .
In both diet treatments, there was significant additive genetic variation for adult survival rates in both males and females, and the amount of genetic variance did not vary with diet ( Table 2 ). The genetic covariance and correlation between male and female survival was, as expected, significantly greater than zero for crickets reared under the protein-deficient diet and did not deviate from the value 1 (Table 2) . In other words, male relatives of females with breeding values for high longevity also had high breeding values for survival. By contrast, the intersexual genetic covariance and correlation for survival was instead centred on, and not deviating from, zero (but did differ from the value 1) for crickets provided with complementary free-choice diets (Table 2) . In other words, the breeding value for survival in females did not predict the breeding value for survival in male relatives. This finding indicates that different genes must have contributed to survival across the sexes, leading to a cross-sex genetic correlation deviating from 1. Although the 95% HPD intervals (that compile estimation error) of our estimates of the intersexual genetic correlations for survival slightly overlapped between the two treatments, 84% HPD intervals (that do not compile such errors) did not overlap between treatments (free-choice diet: 0.31 (84% HPDI: À0.18, 0.69); protein-deprived diet: 0.96 (84% HPDI: 0.71, 0.98)). Thus, our results overall implied that there was evidence (although moderate in magnitude) that nutritional stress indeed modified the intensity of sexual antagonism (Fig. 2) .
Discussion
The protein-deprived diet provided in our study was likely perceived as nutritionally stressful in both males and females. This is because both sexes consumed larger amounts of protein when they were able to choose diets freely. Although low-to-moderate levels of proteins consisting of essential amino acids in diets are Fig. 1 Sex differences in (a) carbohydrate intake, (b) protein intake, (c) total nutrient intake and (d) nutritional preference (arctangent-transformed C : P ratios). Error bars represent 95% credible intervals. Asterisks denote significant differences (*P < 0.05; ***P < 0.001). *Estimate is for females subjected to the complementary freechoice diet treatment. †Estimate represents the difference between the sexes (malesfemales). Reference category was female sex. ‡Estimate represents the difference between the treatments (protein-deficient -complementary free-choice). Reference category was the complementary free-choice diet. §Estimate represents the difference between the sexes (malesfemales) in the effect of treatment (protein-deficient -complementary free-choice). known to increase lifespan in male and female crickets (Hunt et al., 2004; Maklakov et al., 2008; Harrison et al., 2014) , extremely low levels, or a complete lack, of essential amino acids decrease resistance towards stress and consequently reduce lifespan (Piper et al., 2014) . In our study, protein deprivation decreased survival in a sex-specific way. Protein deprivation decreased male survival but not female survival. This finding is in line with previous research documenting sex-specific effects of environmental stress on survival: female insects are typically more tolerant to environmental stress (e.g. chill, heat and desiccation) than males (Andersen et al., 2010; Franke & Fischer, 2013; Kjaersgaard et al., 2015 ; but see Dierks et al., 2012) especially when the female is the larger sex (as in our study species), possibly because tolerance to environmental stressors is sizedependent (Chippindale et al., 1996; Harshman et al., 1999; Hercus & Hoffmann, 1999; Gibbs & Matzkin, 2001; Telonis-Scott et al., 2006) . Our study showed that sexual antagonism was weaker in the protein-deficient dietary environment (providing~2% of protein) compared to the complementary free-choice dietary environment. Protein deprivation tended to decrease the level of sexual antagonism, although the slight overlap in estimates across treatments implied that this interpretation should be taken with some caution. This result is, nevertheless, fully in line with Connallon & Clark's (2014) hypothesis stating that the intensity of sexual antagonism should depend on how well adapted a population is to its environment. Because both males and females prefer carbohydrate-biased diets but both nevertheless require some protein (male, C : P ratio = 5.7 : 1; female, C : P ratio = 2.7 : 1), males and females were both unable to reach their optimal intake of macronutrients when faced with a protein-deprived diet provided in this study. Thus, our extremely protein-deficient diet treatment should be considered nutritionally stressful for crickets. Specifically, crickets are faced with difficulties to acquire protein when forced on protein-deficient diets, a larger proportion of maladaptive alleles may then contribute to genetic variance in fitness (Long et al., 2012) , and alleles with positive effects on male fitness are expected to also have positive effects on female fitness (Connallon & Clark, 2011; Mallet et al., 2011; Sharp & Agrawal, 2013) . Such similar effects of alleles across the sexes should result in a strongly positive intersexual genetic correlation for fitness and a low level of sexual antagonism. By contrast, when faced with complementary free-choice dietary conditions, where males and females should both have been able to reach their optimal intake of each macronutrient, sexually antagonistic alleles are likely to explain a large part of the genetic variation in fitness (Whitlock & Agrawal, 2009; Connallon et al., 2010; Arnqvist, 2011) and thus explain why the intersexual genetic correlation for survival was less strongly positive.
Importantly, although the intersexual genetic correlation for survival was more positive under the proteindeficient diet than under the complementary free-choice diet, in contrast to our predictions, the intersexual genetic correlation for survival was not negative for crickets provided with the complementary free-choice diet. The lowered yet positive value may indicate the presence of some sexually antagonistic alleles; we provide here various explanations for this unexpected finding. First, we offered artificial diets that may generally be experienced as a nutritionally stressful despite our attempts to provide all necessary nutrients. That is, even though our synthetic diets included an abundance of proteins and carbohydrates, this diet was still novel and unnatural, and potentially missing specific unknown components of key importance to crickets. This may explain why the negative intersexual genetic correlation for survival was not apparent in the complementary free-choice diet either.
Furthermore, because our fitness estimate did not include reproductive success (e.g. female egg production, male siring success), which represents another key fitness component, the intersexual genetic correlation for survival may not reflect the true intersexual correlation for fitness. Our results are therefore suggestive but should be interpreted with some caution. Importantly, owing to alternative life-history strategies, lifespan may not always correlate positively with reproductive output (Williams, 1966; Stearns, 1992; Roff, 2002) . Another viable, nonexclusive explanation for unexpected patterns in intersexual genetic correlations in this study is that our point estimate did not exactly represent the true value due to our relatively modest sample size.
In addition to a negative intersexual genetic correlation for fitness, sexual antagonism can also be detected by the strength of sex-specific selection. Ultimately, sexual antagonism is mediated through the action of divergent selection on traits that are co-expressed in males and females. Because males and females have a largely shared genetic architecture, pleiotropic mutations with similar effects on males and females will constrain any evolutionary responses to sexually divergent selection, generating sexual antagonism. There is a growing body of empirical research supporting the presence of sex-specific selection in nature (Chenoweth & Blows, 2003; Robinson et al., 2006; Long & Rice, 2007; Poissant et al., 2008) , showing that shared traits are often under strong, opposing directional selection in both sexes (i.e. sexually antagonistic selection; Rice, 1984; Rice and Chippindale, 2001; Cox and Calsbeek, 2009 ). As sexual antagonism should be strong under favourable environmental conditions (Long et al., 2012; Reddiex et al., 2013; Berger et al., 2014) , phenotypic traits may be under stronger opposing selection in males and females in nonstressful environments (e.g. our free-choice dietary condition) than in stressful environments (i.e. our protein-deprived dietary condition). Therefore, in addition to our fitness-based approach, a trait-based approach focussing on the detection of sex-specific selection is also needed to further test the prediction that sexual antagonism differs between environments.
Connallon & Clark's (2014) hypothesis has been supported by some empirical studies that compared the level of sexual antagonism between well-adapted and poorly adapted populations (Long et al., 2012; Reddiex et al., 2013; Berger et al., 2014) . For example, Berger et al.'s (2014) research on the seed beetle Callosobruchus maculatus suggested that stressful temperatures increased the intersexual genetic correlation for fitness and decreased the contribution of sexually antagonistic loci. Furthermore, Long et al. (2012) found that sexual antagonism in Drosophila melanogaster populations was strong in a medium to which they were well adapted compared to a more novel medium. Finally, Reddiex et al. (2013) showed that sexual antagonism over adult diet choice was very weak in poorly adapted laboratory populations of D. melanogaster. Their results were consistent with Connallon & Clark's (2014) hypothesis, and sexual antagonism thus appears stronger under favourable compared to unfavourable environmental conditions.
In conclusion, our study provides experimental support for the prediction that the degree of sexual antagonism varies as a function of environmental favourability by demonstrating that the magnitude and direction of intersexual genetic correlations for fitness components indeed varied between optimal and stressful dietary environments. This research thus represents an important step towards understanding the relationships between sexual antagonism and local adaptation.
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